The RING domain is anchored on the 4H bundle of the TKB domain through hydrogen bond networks and van the crystallization does not contain any lysine residues.
The c-Cbl RING domain structure consists of a threeder Waals contacts involving 7 RING domain residues and 11 4H bundle residues ( Figures 1B and 2A) . Most stranded ␤ sheet, an ␣ helix, and two large loops, and is stabilized by two tetrahedrally coordinated zinc ions of these residues are highly conserved in the Drosophila and C. elegans Cbl orthologs, suggesting that the integ-( Figure 1B ). The overall structure is similar to the crystal structure of the RAG1 RING domain (Bellon et al., 1997) .
rity of this interface and the precise relative arrangement of the two domains are important for c-Cbl function. RAG1 is not known to be ubiquitin-protein ligase and ␣ helix that packs with the TKB domain and also with UbcH7 ( Figures 1B and 2B) . The linker-TKB interactions are centered on the conserved Tyr-368 and Tyr-371 residues from the linker. These residues, which are in a buried environment, make multiple van der Waals contacts with hydrophobic TKB residues and also hydrogen bond with Asn-259 from the SH2 domain and Thr-227 from the EF hand, respectively ( Figure 2B ). The deletion of either tyrosine causes c-Cbl to become oncogenic (Andoniou et al., 1994), indicating that the integrity of the linker-TKB interface is necessary for c-Cbl's function (Andoniou et al., 1994) .
It has been suggested that phosphorylation of the linker residue Tyr-371 may be required for the E3 ligase activity of c-Cbl (Levkowitz et al., 1999) . This was based, in part, on the inactivation of c-Cbl by the mutation of Tyr-371 to phenylalanine. The crystal structure, however, indicates that Tyr-371 has a structural role and that this mutation would affect the integrity of the linker-TKB interface. The structure also indicates that if Tyr-371 were to be phosphorylated, this would have to be preceded by a major conformational change in the linker helix to make Tyr-371 solvent accessible, and would also result in a significant structural change in the linker-TKB and linker-E2 interfaces.
The c-Cbl-UbcH7 Interface
The crystal structure reveals that c-Cbl binds UbcH7 using both its RING domain and its linker helix ( Figure  1A ). The RING domain makes the most extensive contacts, and this is consistent with the ability of the isolated RING domain to bind E2s in a yeast two-hybrid assay (Yokouchi et al., 1999). The RING domain provides a shallow groove into which the tips of the L1 and L2 loops of UbcH7 bind. The groove is formed by the ␣ helix and the two zinc-chelating loops (loop 1 and loop 2) of the RING domain ( Figure 3A ). The structure of the RAG1 RING domain, which is not known to be an E3, does not contain this groove, as its loops are closer together and the space in between is occupied by amino acid side chains. This c-Cbl groove accommodates the most significant contacts from UbcH7. These involve with an Hg derivative (data not shown, Table 1 Duprez, E., Saurin, A.J., Desterro, J.M., Lallemand-Breitenbach, V.,
